We present a case of bilateral retropharyngeal parathyroid hyperplasia detected with 4D-CT in a patient with persistent primary hyperparathyroidism and failed neck exploration. We discuss the embryologic basis of ectopic retropharyngeal parathyroid adenomas and hyperplasia and the utility of 4D-CT in their localization for surgical planning.
P
rimary hyperparathyroidism is caused by a single-gland adenoma in most patients (Յ90%) or multiglandular hyperplasia (10%-15%). 1 Ectopic parathyroid adenomas and hyperplasia, defined by their location in sites other than the juxtathyroid position, are a well-documented cause of primary hyperparathyroidism and are reported in Յ22% of cases. 2, 3 When an adenoma or glandular hyperplasia is ectopic, findings of the initial work-up with sonography and sestamibi scintigraphy may be negative. In such cases, MR imaging and CT are often performed. These second-line investigations have become increasingly important since the surgical treatment of parathyroid masses has transitioned from bilateral 4-gland exploration to unilateral minimally invasive parathyroidectomy. 4, 5 The need to accurately localize parathyroid lesions and advances in CT technology have led to new protocols such as 4D-CT. [6] [7] [8] We present a case of ectopic bilateral retropharyngeal parathyroid hyperplasia detected on 4D-CT and review its role and technique.
Case Report
A 47-year-old woman was referred to our institution for evaluation of persistent primary hyperparathyroidism after bilateral neck exploration 4 years prior. At that time, she had undergone right inferior parathyroidectomy and biopsy of the inferior left parathyroid gland, which revealed hyperplasia. The superior parathyroid glands were not identified.
Postoperatively, the patient continued to experience hypercalcemia and was treated with the calcimimetic, cinacalcet (Sensipar). Despite medical therapy, the patient's serum PTH and serum and urine calcium levels remained elevated. She continued to have symptoms of fatigue, memory loss, and muscle aches and had osteopenia detected by a dual energy x-ray absorptiometry scan. Given her biochemical abnormalities, symptoms, and bone loss, she again presented for surgical evaluation.
The imaging work-up began with sonography, which did not demonstrate a parathyroid adenoma in the usual juxtathyroid locations. Next she underwent sestamibi imaging with SPECT correlation (Fig 1) . Two-hour planar sestamibi imaging demonstrated minimal residual uptake in the right neck inferior to the submandibular gland. Fused SPECT imaging demonstrated a region of increased radiotracer activity in the right retropharyngeal space, superior to the upper pole of the right thyroid. No activity was present in the left neck on delayed sestamibi images.
Finally, 4D-CT of the neck and mediastinum was performed (Fig 2) . Our protocol involves imaging with 64-section multidetector row CT after 120 mL of iopamidol (Isovue-300; Bristol-Meyers Squibb, Princeton, New Jersey) is administered intravenously via an 18-ga intravenous cannula in the right antecubital fossa at a rate of 3 mL/s, followed by a 50-mL saline flush. We acquire contiguous axial images from the lower margin of the mandible to the level of the inferior aortic arch in arterial (25-second delay) and venous phases (80-second delay) with the following settings: 0.625 section thickness; gantry rotation time, 0.8 seconds; 20-cm FOV; 120 kV(peak); and automatic tube current modulation (Smart mA; GE Healthcare, Milwaukee, Wisconsin). Reformatted images in the 2 phases are sent to a PACS as 2.5-mm-thick contiguous images in the axial, coronal, and sagittal planes.
On arterial phase images, 2 hyperenhancing lesions, right larger than left, were seen in the retropharyngeal space at the level of the pyriform sinus. On delayed images, there was rapid washout of contrast in the lesions, which were both oval on reformatted sagittal and coronal images.
On the basis of these findings, the surgeon performed a targeted neck exploration in the right retropharyngeal space through a 3-cm incision and identified a 600-mg parathyroid mass. After its removal, intraoperative serum PTH dropped from its highest baseline level but remained elevated. Because of this plateau of the intraoperative PTH level and a probable second abnormality on 4D-CT, the surgeon explored the left retropharyngeal space and found a second 360-mg mass. Following resection of the second mass, the intraoperative serum PTH level normalized and the procedure was concluded.
Pathology showed that both parathyroid masses were hypercellular, consistent with multiple gland parathyroid hyperplasia. At 2-week and 1-month follow-ups, the total calcium and PTH levels were normal.
Discussion
Parathyroid adenomas and hyperplasia are most commonly found posterior to the thyroid between the hyoid and sternal notch. Ectopic locations for parathyroid tumors include mediastinal, intrathyroid, intracarotid sheath, and intraneural sites. 3, 9 Retropharyngeal ectopic parathyroid lesions are rare and, when present, are a diagnostic challenge for the radiolo-gist and surgeon. A case of bilateral ectopic retropharyngeal parathyroid hyperplasia has not previously been reported.
The retropharyngeal location of the parathyroid gland is due to the common embryologic origin of the superior parathyroid gland and the apex of the pyriform sinus from the fourth branchial pouch of the fetal pharyngeal wall. 10 If the parathyroid gland fails to separate from the pyriform sinus, the structures may migrate together to a retropharyngeal location. Hence, retropharyngeal parathyroid tumors are typically found at the level of the pyriform sinus, as shown in our patient.
Bilateral retropharyngeal parathyroid tumors could be mistaken for venous plexuses on a routine axial enhanced CT scan (Fig 2B) . 4D-CT helped us make a correct diagnosis. The original description of 4D-CT includes image sets in 3 planes (axial, coronal, sagittal). 6 The "fourth" dimension of 4D-CT is the perfusion information derived from noncontrast, arterial, and delayed (venous) phase imaging. In this reported case, the arterial phase imaging was useful for detection of discrete hyperenhancing tumors, and delayed images showed rapid washout of contrast, distinguishing the lesions from surrounding venous structures (Fig 2) . The noncontrast phase has been removed from our protocol because we did not find that it helped with diagnosis.
Rodgers et al 6 reported that 4D-CT had improved sensitivity (88%) over sestamibi imaging (65%) and sonography (57%) when the studies were used to lateralize hyperfunctioning parathyroid glands to 1 side of the neck. Furthermore, when used to localize parathyroid tumors to the correct quadrant of the neck, the sensitivity of 4D-CT (70%) was significantly higher than that of sestamibi imaging (33%) and sonography (29%). In another study of patients with repeat neck surgery, 4D-CT more often localized and lateralized hyperfunctioning parathyroid tissue than sestamibi imaging.
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4D-CT has also been shown to have better sensitivity for the detection of multiglandular disease, which is a common cause for repeat surgery. 6 The advantage of 4D-CT was illustrated in our case because the sestamibi study did not demonstrate the surgically proved left retropharyngeal hyperplastic gland, a phenomenon thought to be due to rapid washout of radiotracer from the left parathyroid tumor, 11, 12 a potential pitfall of sestamibi imaging.
A disadvantage of 4D-CT is its increased radiation exposure to the patient. To reduce the radiation dose, we modified our current protocol to exclude the precontrast imaging described in the original studies of 4D-CT. We also use dosereduction techniques of automatic tube current modulation, and we limit the superior level of imaging to the lower mandible to exclude the lens of the orbit and the brain. Despite these attempts, the dose-length product for arterial and venous phase in this study was 1300 mGy cm, which is equivalent to just Ͻ2 CT neck scans with an optimized dose-reduction technique. 13 Hence, 4D-CT should be reserved for cases of primary hyperparathyroidism with indeterminate or negative findings on sonography and sestamibi scintigraphy.
MR imaging with contrast is another imaging option, depending on the experience of the institution.
14,15 MR imaging has a sensitivity similar to that of sonography and sestamibi imaging. 16 On MR imaging, parathyroid adenomas may have variable T1 and T2 signal-intensity patterns. Contrast imaging increases the sensitivity for detection of lesions that are T1 and T2 isointense, but false-negative results can still arise from motion artifacts or because adenomas may have signal-intensity and enhancement characteristics similar to those of cervical lymph nodes. 17 This case of bilateral retropharyngeal parathyroid hyperplasia shows the value of 4D-CT in defining a discrete parathyroid lesion and in determining the enhancement characteristics of the lesion. Accurate localization of parathyroid tumors is important for repeat parathyroid surgery and for minimally invasive directed parathyroidectomy.
